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Tartary buckwheat (Fagopyrum tataricum (L.) Gaertn), 
belongs to the Polygonaceae family, has been widely 
planted around the world as food and drinks[1]. 
Great values of buckwheat from the nutriological 
and pharmacological views had been reported[2]. 
Buckwheat contains many beneficial components 
including flavonoids, phenolic compounds, 
D-fagomine, fagopyrins, and D-chiro-inositol[3-5]. 
Our previous research also found that trace emodin 
was existed in tartary buckwheat and its products[6]. 
Such components have been reported to help 
control blood glucose and blood pressure levels[7-9]. 
Moreover, buckwheat has antioxidant, antitumor 
activity[10,11]. Great efforts are paid to the development 
of buckwheat products recently, since the values of 
buckwheat are received more and more attention 
from consumers. Many new buckwheat products are 
introduced every year such as tea, wine, cracks, sauce, 
noodles, vinegar and capsules. Among these products, 
tartary buckwheat tea was one of the most popular 
buckwheat products in China, Japan, South Korea and 
European countries. Our previous research indicated 

tartary buckwheat tea contains many beneficial trace 
elements[12], and buckwheat tea is a good supply of 
essential elements.

According to the difference of raw material, tartary 
buckwheat tea mainly includes tartary buckwheat 
whole bran tea, tartary buckwheat whole plant tea 
and tartary buckwheat whole embryo tea. Whole bran 
tea is made from tartary buckwheat bran; the material 
of whole plant tea mainly includes buckwheat bran, 
flour, flower, stem and root. Germinating seeds were 
the mainly material of whole embryo tea. Beside, the 
processing protocol of these three kinds of tartary 
buckwheat tea is also different. Whole embryo tea 
is mainly made using five manufacturing processes 
including soaking, steaming, drying, dehulling, and 
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roasting. To process whole bran tea and whole plant 
tea, buckwheat material was grounded, mixed with 
water, extruded after blending, then dehydrated, dried 
and roasted. Some reports indicated activity and 
chemical properties of buckwheat and its products 
were affected by different processing method[13-15]. 
Rutin-degrading enzyme, contained in buckwheat[16,17], 
was one of the most important factors that affected 
the properties of buckwheat products through 
changing the composition of flavonoids[14,18]. Rutin 
and quercetin are the mainly flavonoids in tartary 
buckwheat tea, its concentration affected by the 
processing method, which can change the activity of 
the rutin-degrading enzyme, thus, the quality of these 
tartary buckwheat tea should be different and need to 
be defined.

On the other hand, the flavor among these three 
kinds of tartary buckwheat tea was also different. The 
volatile aromatic compounds of tartary buckwheat and 
its products have been investigated recently. A total of 
48 compounds were quantified and their odor activity 
values (OAV) were calculated in tartary buckwheat 
and its milling fraction by Janes[19]. Qin and others 
made a study on aroma of tartary buckwheat tea 
and identified 77 compounds, including furanoids, 
aldehydes and pyrazines using three extraction 
methods[20], but none of them compared the difference 
of volatile aromatic compounds in various tartary 
buckwheat tea.

While great efforts are paid to the market 
development of tartary buckwheat tea, the quality 
control of buckwheat tea is scarce currently. 
Flavonoid is one of the most important quality 
control fators in tartary buckwheat tea, but not 
defined in various products. Herein, we focused 
on describing the differences of rutin, quercetin 
content, antioxidant activity and aroma compounds 
composition in different kinds of tartary buckwheat 
tea, to provide a reference for improving the quality 
standards of tartary buckwheat tea, and to give some 
useful imformation to the consumer.

MATERIALS AND METHODS

Tartary buckwheat teas were obtained from local 
supermarkets (Table 1). The teas were dried, shattered 
and then passed a 40 mesh screens sieve. Rutin and 
quercetin standards were purchased from the National 
Institute for the Control of Pharmaceutical and 

Biological Products (Beijing, China). 1,1-diphenyl-
2-picrylhydrazyl radical (DPPH●), 2,2'-azinobis-
(3-ethylbenzthiazoline-6-sulfonate)  (ABTS) was 
purchased from Sigma, methanol (high performance 
liquid chromatography (HPLC) grade) was purchased 
from Fisher Scientific Co., (USA). All others 
chemicals and solvents used in the study were of 
analytical grade.

Determination of the flavonoid content:
The determination method was according to our 
previously reported method[21] with slight modification. 
The dried powder was passed through the 40 mesh 
screens. The extraction was performed by mixing 0.5 g 
of sample with 25 ml of methanol:water (80%, v/v) 
solution in one conical flask under sonication for 30 
min at room temperature. Extract was passed through 
0.45 μm filter and then placed in a HPLC autosampler 
vial for immediate HPLC analysis. The HPLC system 
was equipped with two LC-10ATvp pumps and a 
SPD-M10Avp diode-array detector (Shimadzu, Japan). 
A Diamonsil C18 column (4.6 mm×250 mm, 5 μm) 
was used. Separation was performed by using a 
mixture of acetonitrile and distilled water containing 
0.3% H3PO4, with a gradient elution: 0–8 min 
(20% acetonitrile), 8–13 min (20–40% acetonitrile), 
13–29 min (40% acetonitrile), 29–29.1 min (40–20% 
acetonitrile), and 29.1–30 min (20% acetonitrile). The 
flow rate was set at 1.0 ml/min, and UV detection 
at 365 nm. The temperature of the column was set 
at 30°, and the sample injection volume was 20 μl. 
Identification of rutin and quercetin were achieved by 
comparing the retention time of samples with those of 
the standards. Rutin and quercetin were quantified by 
using external standard method.

1,1-diphenyl-2-picrylhydrazyl radical scavenging 
activity assay:
The method described by Guo et al. was used with slight 
modification to assess the DPPH radical scavenging 
activity of buckwheat teas extracts[22]. One milliliter of 

TABLE 1: SOURCES OF THE COMMERCIAL BUCKWHEAT 
TEA SAMPLES
Code 
number

Brand Trade name Producing 
area

S1 Yixiangren Tartary buckwheat whole bran tea Sichuan
S2 Yixiangren Tartary buckwheat whole plant tea Sichuan
S3 Yixiangren Tartary buckwheat whole embryo tea Sichuan
S4 Sanjiang Tartary buckwheat whole bran tea Sichuan
S5 Sanjiang Tartary buckwheat whole plant tea Sichuan
S6 Sanjiang Tartary buckwheat whole embryo tea Sichuan
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the appropriate dilution of extract or control was mixed 
with 4.0 ml of 0.124 mg/ml DPPH radical solution. 
The mixture was shaken vigorously and left to stand at 
room temperature for 30 min in the dark. The mixture 
was measured spectrophotometrically at 517 nm. A 
standard of Trolox was run using several concentrations 
ranging from 17.08 μmol/l to 273.25 μmol/l. A standard 
curve was then prepared by plotting the percentage (%) 
of free radical scavenging activity of Trolox versus its 
concentration. The final result was expressed as μmol 
Trolox equivalent antioxidant capacity in 1 g of sample 
(μmol Trolox eq./gDW). Data was reported as mean±SD 
for at least three replicates.

2,2’-azinobis-(3-ethylbenzthiazoline-6-sulfonate)●+ 
scavenging activity assay:
The method was according to previously reported 
method [22] with slight modification. ABTS●+ 

was dissolved and adjusted to 5 mmol/l with 
phosphate buffer (pH 7.4), after oxidizing with 
manganese dioxide, left to stand under ambient 
temperature for one night. The final reaction mixture 
contained 3.0 ml of ABTS●+ with an absorbance of 
0.7 adjusted by phosphate buffer (pH 7.4) at 734 nm 
and 200 μl of the appropriate dilutions of extracts 
or 200 μl of distilled water for the control. The 
absorbance at 734 nm was measured after a reaction 
time of 1 min. The final result was expressed as μmol 
Trolox eq./gDW that were calculated using a standard 
curve prepared with Trolox. Data was reported as 
mean±SD for at least three replicates.

Aroma compounds analysis:
The volatile compounds of tartary buckwheat tea were 
extracted using solid-phase microextraction (SPME). 
DVB/CAR/PDMS SPME 50/30 μm fiber  was used 
(Supelco, USA). Tartary buckwheat tea powder (3 g) 
was put into a 25 ml glass vial, crimped, and kept 
at 80° for 40 min. The SPME fiber was inserted into 
the headspace and the compounds were sampled for 
60 min. The fiber was subsequently inserted into the 
injector port of a gas chromatograph and desorbed for 
5 min under 260°.

The samples were analyzed using a gas 
chromatograph (HP6890) equipped with a mass 
spectrometric detector (HP5973). The volatile 
compounds were separated with a HP-5 MS 
capillary column (30 m×0.25 mm×0.25 um), Agilent, 
USA. Oven temperature for SPME injection was 
programmed from 50° at 10°/min to 200°, then at 

15°/min to 290°. The injector temperatures were set 
at 260°. MS conditions: Electron impact ionization 
mode, temperature of ion source was 250º, total ion 
current (TIC) was recorded.

Statistical analysis:
All treatments were performed in triplicate, and the 
results were represented by their mean values and the 
standard deviations (SD). The data were submitted to 
analysis of variance to detect significant differences 
and the correlation analysis was performed with SPSS 
19.0 (IBM Corp., Armonk, NY, USA).

RESULTS AND DISCUSSION

There were mainly 3 categories of commercial 
buckwheat teas in our study, including tarary 
buckwheat whole plant tea, tarary buckwheat whole 
bran tea and tarary buckwheat whole embryo tea. 
Here, we analyzed the commercial products from 
Yixiangren and Sanjiang (Table 1). As shown in 
fig. 1, UV enabled the detection of rutin and quercetin 
as a distinct single peak with a retention time of 
9.532 min and 20.398 min, respectively. As listed 
in fig. 2, the flavonoid concentrations of buckwheat 
teas were different significantly. The whole bran 
tea (S1, S2) and the whole plant tea (S4, S5) had 
the lower rutin concentrations (0.96, 0.23, 2.09, 
and 3.83 mg/g, respectively) but had the higher 
quercetin concentrations (17.41, 18.04, 26.26, and 
30.29 mg/g, respectively). The whole embryo tea 
(S3, S6) had the converse results, 15.03 mg/g of 
rutin and 4.78 mg/g of quercetin in S3; 13.62 mg/g 
of rutin and 5.22 mg/g of quercetin in S6. This 
result may be cause by the rutin-degrading enzymes 
contained in tartary buckwheat. Mixing with water in 
the processing of whole bran tea and whole plant tea 
caused rutin-degrading enzymes in buckwheat flour to 
easily be accessible to rutin, which consequently was 
degraded into quercetin. These results are in a good 
agreement with those reported by Suzuki et al[23].

The DPPH radical scavenging activity was expressed 
as μmol trolox eq./gDW. As shown in fig. 3, the 
DPPH radical scavenging capacity of buckwheat 
teas was different significantly. The whole bran tea 
and the whole plant tea (S1, S2 and S4, S5) had 
the higher scavenging capacity (261.07, 249.15 and 
214.24, 294.44 μmol trolox eq./gDW, respectively) 
than that of the whole embryo tea (S3, S6, 214.24, 
223.74 μmol trolox eq./gDW, respectively).
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The ABTS●+ scavenging activity of tartary buckwheat 
was presented in fig. 3. It also resulted in the similar 
pattern to the DPPH radical scavenging capacity. 

The whole bran tea and the whole plant tea (S1, 
S2 and S4, S5) had the higher scavenging activity 
(222.75, 225.33, 362.5, 383.8 μmol trolox eq./gDW, 

Fig. 2: Rutin and quercetin concentration of tartary buckwheat tea.
Bar graph of rutin ( ) and quercetin ( ). Values marked by the same 
letter are not significantly different (P<0.05).

Fig. 3: DPPH and ABTS radical scavenging activity of tartary 
buckwheat tea.
Bar graph of 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) ( ) and 
2,2'-azinobis-(3-ethylbenzthiazoline-6-sulfonate) radical (ABTS) 
scavenging activity ( ). Values marked by the same letter are not 
significantly different (P<0.05).

Fig. 1: Separation and detection of rutin and quercetin by high performance liquid chromatography. 
(a) High performance liquid chromatography profiles of rutin and quercetin standard. (b) High performance liquid chromatography profiles 
of rutin and quercetin present in whole bran tea extracts. (c) High performance liquid chromatography profiles of rutin and quercetin present 
in whole plant tea extracts. (d) High performance liquid chromatography profiles of rutin and quercetin present in whole embryo tea extracts.
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respectively) than that of the whole embryo tea 
(S3, S6, 120.46, 125.44 μmol trolox eq./gDW, 
respectively).

The correlation analysis between rutin, quercetin 
concentration and DPPH radical scavenging capacity, 
ABTS●+ scavenging activity were presented in 
fig. 4. The positive/negative correlations between 
the two variables are indicated by the correlation 
coefficients (r) and partial correlation coefficient (Pr). 
When the absolute value of r is close to 1, there is 
strong correlation. Pr was the correlation coefficient 
of the dependent variable with the independent 
variables after eliminating the correlation between the 
independent variables. The r value of DPPH radical 
scavenging capacity, ABTS●+ scavenging activity with 
rutin were −0.6812, −0.6901, respectively, when with 
quercetin were 0.9801, 0.9847, respectively (P<0.05), 
indicated that it is strong correlation between DPPH 
radical scavenging capacity, ABTS●+ scavenging 
activity and quercetin. The Pr of DPPH radical 
scavenging capacity, ABTS●+ scavenging activity 

with rutin were 0.7387 (P>0.05), 0.7915 (P>0.05), 
respectively, when with quercetin were 0.9831, 09891, 
respectively (P<0.05), had the similar result of the r 
analysis.

The antioxidant activity of tartary buckwheat and 
its products was affected by the concentration and 
composition of flavonoids and other phenols. A report 
suggests that rutin and quercetin were the major 
antioxidative constituents[24]; Li’s report[25] indicated 
that there was strong correction between rutin 
concentration and DPPH radical scavenging activity. 
Yang’s study found that the correlation was obvious 
between antioxidant and phenols but not flavonoids by 
linear regression equation[26]. A report showed that the 
antioxidative activity of pure quercetin is higher than 
that of rutin[27]. In our study, there were significantly 
different in the antioxidant activity of different 
kinds of tartary buckwheat, and the correlation of 
quercetin concentration with antioxidant activity 
was strong. The r value and Pr value of antioxidant 
activity correlation with rutin were less than that of 

Fig. 4: Correlations between flavonoid concentration and antioxidant activity.
(a) Correlations between rutin and 1,1-diphenyl-2-picrylhydrazyl radical scavenging capacity, R2=0.464; (b) correlations between quercetin and 
1,1-diphenyl-2-picrylhydrazyl radical scavenging capacity, R2=0.9606; (c) correlations between rutin and 2,2’-azinobis-(3-ethylbenzthiazoline-
6-sulfonate)●+ scavenging activity, R2=0.4763; (d) correlations between quercetin and 2,2’-azinobis-(3-ethylbenzthiazoline-6-sulfonate)●+ 
scavenging activity, R2=0.9696.
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antioxidant activity correlation with quercetin, and 
were not significant. These result indicated that, 
quercetin may be the major antioxidative constituent 
in tartary buckwheat tea. Although the whole bran 
tea and the whole plant tea had the higher quercetin 
concentration and antioxidant activity, the solubility 
of quercetin in boiling water was far lower than that 
of rutin, thus, the utilization of flavonoids in tartary 
buckwheat tea needs further research.

SPME technique has many advantages, and was 
widely used in the fields of medicine, food, agriculture 
and environment. Large amounts of organic solvent 
are not required, and the operation is convenient 
and accurate. We select this technique in our study, 
three kinds of tartary buckwheat teas (S1, S2, S3) 
were analyzed and twenty eight different compounds 
were identified by comparison of their mass spectra 
with those recorded in the NIST 2002 spectra library. 
Typical TIC chromatograms of aroma compounds 
extracted with SPME shown in fig. 5. Only the result 
of quality >85% have been listed in Table 2. Those 
compounds were mainly composed of pyrazine, 
aldehydes, fatty acids and ketones. The kinds of 
compounds contained in different tartary buckwheat 
tea were similar, but their relative content was 
different. There were 42.67% of aldehydes, 3.64% of 
fatty acids content in S1, 21.69% of aldehydes, <0.5% 
of fatty acids content in S2 and 31.15% of aldehydes, 
9.52% of fatty acids content in S3.

In Qin’s report[20], 77 compounds were identified in 
tartary buckwheat tea using three extract method, 
among them, 8 compounds had the highest odor 

activity value (OAV≥10). Five of this 8 compounds 
were detected in our sdudy: 2,5-dimethyl pyrazine, 
2-ethyl-5-methylpyrazine, 4-hydroxy-2,5-dimethyl-
3(2H) furanone, nonanal and maltol. The composition 
and content of aroma compounds milling fractions of 
tartary buckwheat were shown difference in Janes’s 
report[19]. In our study, as discussed previously, the 
relative content of these compounds were also different 
in different kinds of tartary buckwheat tea, indicated 
the raw materials was an important factor affected 
the content of aroma compounds, this will cause the 
difference of the odor in the tea. Salicylaldehyde, 
which is the most characteristic compound of common 
buckwheat[28], was not found in samples of tartary 
buckwheat tea analyzed in this study.

In summary, the present study was carried out to 
compare the rutin and quercetin concentrations, 

Fig. 5: Total ion current chromatograms of aroma compounds 
extracted with gas chromatography-mass spectrometry.

TABLE 2: COMPOUNDS FOUND IN THREE KINDS OF 
TARTARY BUCKWHEAT TEA
Number RT Compounds Relative 

contents (%)
S1 S2 S3

1 4.51 Butyl acetate 2.19 1.47 1.44
2 4.74 2-methylpyrazine 5.58 4.34 3.08
3 4.94 3-furancarboxaldehyde 6.63 3.36 6.38
4 7.06 2,5-dimethyl pyrazine 2.93 2.90 7.99
5 8.71 Benzaldehyde 2.83 2.42 2.71
6 8.81 5-methyl furfural 25.8 18.9 8.78
7 10.17 2-ethyl-6-methylpyrazine 0.65 0.39 0.69
8 10.24 2-ethyl-5-methylpyrazine - 0.92 3.06
9 12.67 4-hydroxy-2,5-dimethyl-3 (2H) 

furanone
2.42 2.36 -

10 14.57 Nonanal 2.43 1.38 2.17
11 14.88 Maltol - 0.85 -
12 15.46 N-methylpyrrole-2-carboxaldehyde 1.55 1.73 -
13 17.02 2-nonenal 1.49 - -
14 17.98 Naphthalene 0.96 0.68 -
15 20.73 Dimethyl adipate 0.61 0.54 0.74
16 21.23 2-decenal,(2Z)- 0.68 - -
17 22.02 Methyl-naphthalen 0.93 0.86 1.04
18 23.93 Tetradecane 1.56 1.38 1.35
19 25.19 Pentadecane 0.87 1.38 1.09
20 25.69 Naphthalene, 2,3,6-trimethyl- 1.11 2.25 1.75
21 25.93 4-methyl-2,5-dimethoxybenzaldehyde 1.90 3.35 1.65
22 26.14 1-hexadecene 1.20 - 2.35
23 27.08 Heptadecane 1.74 1.60 2.77
24 27.13 2,6,10,14-tetramethylpentadecane 1.82 2.00 1.32
25 28.23 2-pentadecanone, 6,10,14-trimethyl- 0.88 0.25 -
26 29.01 Hexadecanoic acid 1.40 3.25 -
27 30.18 Oleic acid 2.24 6.27 -
28 31.77 Hexanedioic acid, mono (2-ethylhexyl) 

ester
0.54 0.25 0.31

- means <0.1%
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antioxidant activity, and aroma compounds in 
different commercial tartary buckwheat tea. Results 
indicated that raw materials and machining process 
of tartary buckwheat tea have important influence 
on its chemical composition and activity. Quercetin 
may be the major antioxidative constituents in tartary 
buckwheat tea, and should be seriously concerned in 
future. Our results will stimulate more interest on the 
quality evaluation of tartary buckwheat tea.
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